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Abstract
Rising crisis in marine environment is the presence of plastics 
in the water column and risk of their input and accumulation 
in the food web. The present study reports for the first time, 
the presence of micro and macro plastics in the gut of razor 
moonfish, Mene maculata. Moonfish plays a major role in 
the marine food web as prey of large pelagic fishes. The gut 
analysis of fishes collected from commercial vessels operating 
along eastern Arabian Sea was analysed to determine 
the occurrence and abundance of plastic particles with 
attempt to identify the diet component which might have 
contributed to the plastic intake in fish. The analysis revealed 
dominance of plastic particles in gut when dietary component 
was dominated by eggs. The present study forms baseline 
information for plastic accumulations in fishes along the 
eastern Arabian Sea 
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Introduction
A major threat to oceanic environment is accumulation of 
marine debris in water column, which is the result of decades 
of litter entering marine waters (Thompson et al., 2004; Ryan, 
2015). Marine debris is a mixture of organic and inorganic 
matter where plastic particles dominate (GESAMP, 2015). 
Dominance of plastic in oceans is the direct consequence of its 
extensive use and high durability (Andrady, 2011) and larger 
sized plastic particles can affect larger marine organisms by 
entangling and fatal ingestion (Baltz and Morejohn, 1976; 
Cawthorn, 1985; Bjomdal and Bolton, 1994; Fossi et al., 
2017). The large sized plastic debris is never destroyed but 
their size gets reduced in due course by the photo degradation 
and/ or combined effect of wave action. The occurrence of 
smaller pieces of plastic debris including those not visible to 
the naked eye, referred to as microplastics (Andrady, 2011) 
and buoyancy of these particles increases the probability 
for mixing with surface food sources and increases chances 
of ingestion by lower trophic level organisms in marine 
environment (Browne et al., 2008; Naidu et al., 2018). These 
plastic particles have become so widely spread that neither 
the oceans in the world nor marine organisms are free from its 
clutches. Studies have found that 690 species found in marine 
ecosystem are affected by marine debris of plastic origin (Gall 
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and Thompson, 2015) which further includes organisms like 
whales (Kaladaran et al., 2014), lobsters (Murray and Cowie, 
2011), polychaetes (Wright et al., 2013), zooplankton (Cole 
et al., 2013), lanternfishes (Wieczorek et al., 2018; Lusher 
et al., 2016; Boerger et al., 2010).  The danger of plastic 
input and accumulation in the food web (Teuten et al., 2009; 
Galgani et al., 2013) give rise to various issues from internal 
blockage and disrupted digestion (Jackson et al., 2000) to 
bio-magnification of harmful chemicals associated with plastic 
in food chain (Teuten et al., 2009).
There are reports on the occurrence of micro and macro 
plastics from fish guts from Bay of Bengal (Sivadas et al., 
2016) and eastern Arabian Sea (Sulochanan et al., 2014; 
Kripa et al., 2016; Roul et al., 2018) but to the best of our 
knowledge, there is complete absence of studies focusing 
on the abundance of plastic in fish gut from this region. 
Even though there are many studies conducted round the 
world on the presence, occurrence, type and abundance of 
micro plastic in fishes (Moore, 2008; Boerger et al., 2010; 
Possatto et al., 2011; Davison and Asch, 2011; Ramos et 
al., 2012; Dantas et al., 2012; Lusher et al., 2013; Neves et 
al., 2015; Ferreira et al., 2016), only very few studies have 
tried to make out the diet component which could possibly 
aid the plastic intake in fishes (Choy and Drazen, 2013; 
Romeo et al., 2013). To facilitate these objectives, Mene 
maculata commonly known as moonfish was considered for 
the current study. The species was selected as it shows both 
selective and opportunistic feeding (Viswambharan, 2019), 
with wide distributional range and depth of occurrence 
along the study area. The fish is mainly distributed at depths 
ranging from 40 m to 200 m in the sub-littoral zone of coastal 
open waters. The species is free-swimming in schools and 
shows diel vertical migration. The moonfish is considered a 
preferred feed of fishes like sailfishes, billfishes and Marlins 
(Pangalila et al., 2014), emphasise the danger of plastic input 
and build up in the food web of these large pelagic fishes. 
Hence an attempt was made to assess the occurrence and 
abundance of plastic particles in the fish with an effort to 
identify the diet component which might have contributed 
to the plastic intake in fish.
Material and methods
Fish sample collection and preservation
Samples of moonfish (M. maculata) were collected from 
multiday trawlers and purse seiners operating along the 
south eastern Arabian Sea from off Goa to Mangalore (Fig. 1) 
from December 2015 to August 2017, landed at Mangalore 
and Malpe Fishing Harbour. The collected samples were 
preserved in ice and brought to lab. In the laboratory, the 
fishes were cleaned in running water and preserved in deep 
freezer (-200C).
Fig. 1. Map showing the area of operation of mechanised vessels 
involved in the capture of moonfish along the south eastern Arabian Sea  
Feeding ecology and plastic debris 
contamination 
All the fish samples were processed within 24 hours of sample 
procurement. The fishes were defrosted prior to analysis and then 
measurements pertaining to length (TL in mm) and weight (g) 
were recorded.  The stomach of each fish was eviscerated and 
contents were removed. The empty stomach was washed with 
distilled water to confirm that all items were extracted. The gut 
contents were analysed using stereomicroscope, and prey items 
were recognized to lowest possible taxonomic level (Ruppert 
et al., 2004). The items were washed with distilled water, 
dried with tissue, weighted and counted. The plastic debris, 
if observed, along with the gut content while observed under 
a microscope was separated from food items (Possatto et al., 
2011). In order to distinguish the plastic particles from organic 
matter, the particles were dried. After drying, if the particles 
weather off, they were considered as organic matter and such 
samples were discarded (Ferreira et al., 2016). Measurements 
(both length and thickness) were taken for the non-weathered 
particles using Nikon Stereo-zoom Phase Contrast Microscope 
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(Model Eclipse Ci-S) fitted with Nikon digital sight DS-Fi2 
Camera. The form of plastic material, shape and its consistency 
was also noted.  
Data collection, segregation and analysis
Details on the number of fishes with plastic in gut, number of 
plastic particles per gut sample, food items observed along 
with the plastic particle, gut condition and ontogenetic phase 
while plastic was observed were recorded. 
The gut contents were then segregated under five major 
food types ie, molluscan remains, crustacean remains, fish 
remains, polychaete remains and eggs. The variations in the 
gut condition were classified as ‘gorged’, ‘full’, three fourth 
full’, “half full’, “quarter full’, trace and ‘empty’ based on visual 
examination. The fishes were considered poorly fed when the 
stomach conditions were empty or trace, moderately fed when 
quarter or half full and heavily fed when three forth full, full 
or gorged. For classification of ontogenetic phase, the fishes 
with total length (TL) less than 138 mm (Lm50%) were considered 
juveniles and those with length equal to or greater than 138 
mm is considered as adult (Viswambharan, 2019)
The number, size and type of plastic particles found in each gut 
were noted. The plastic particles were classified based on size. 
Any particle less than 5 mm was classified as micro plastic and 
those greater than 5 mm was classified a macro plastic (Duis 
and Coors, 2016). The proportion of micro to macro plastics was 
calculated as number of microplastic particles to macroplastic 
found in gut.
The quantification of plastic debris ingestion followed three 
criteria: 1. Frequency of occurrence of plastic (F), 2. Mean plastic 
particle (Mp) and 3. Plastic abundance (PA).  
Where, F= Number of individuals which had plastic particles 
in gut / Total number of individuals
Mp = Total number of plastic items found in fish gut / Total 
no: of fish which had plastic in gut. 
PA =Mean plastics (Mp) X the frequency of occurrence of 
plastic (F). 
Frequency of occurrence of plastic particles in relation to 
ontogenetic phase, gut condition, season and various diet items 
were calculated. ‘F’ if expressed in percent, is represented as %F.
Statistical analysis
 XLStat 2017.5 and Past 3.1 software was used to analyse 
the data. The F in relation to various food types were 
compared using the chi-squared test for equality of more 
than 2 proportions (K proportion test) at 5% significance. If 
the null hypothesis of equal proportions was rejected, then 
the Marascuillo procedure was used to identify the group 
proportions which differed significantly. The same method 
was used to analyse the frequency of occurrence of plastic 
particles with respect to different seasons and gut conditions. 
XY plot using PA vs F (in relation to various food types), was 
plotted to identify the food item with which plastic particles 
were found in abundance. The ‘F’ in relation to ontogenetic 
phase and proportion of plastic types observed in the fish 
guts were tested using chi-square test (p<0.05).
Results 
The 810 fishes of Razor moonfish; M. maculata examined were 
in the length range of 55 to 255mm. Of the total 810 fishes 
examined, only 13 fishes had the presence of plastic fibre in 
the stomach, which accounts to 1.61% (%F) of the total fish 
examined (Fig. 2).  During the analysis, 33 plastic fibres were 
observed in the gut of 13 fishes with Mp of 2.54 and PA of 
0.041 fibres per fish. The size of these fibres ranged from 0.01 
to 12 mm in length and thickness less than 1 mm.  
Fig. 2. Illustration of plastic fibre observed in fish gut 
F in relation to ontogenetic phase 
Of the 265 juvenile fishes examined, only one fish (%F= 0.38%) 
had plastic fibre in gut, while 12 out 545 adults (%F= 2.20%) 
had plastic fibre in gut. The Chi-square test revealed that there 
is no significant difference in the occurrence of plastic between 
juveniles and adults (χ2 = 4.9048; p>0.05).  
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Proportion of micro plastic vs macro 
plastic
A total of 33 plastic fibres were obtained from 13 guts of moonfish 
of which 31 were micro plastic and 2 were macro plastic. In the fish 
with plastic fibre in gut, the presence of micro plastic fibres were 
significantly higher than the macro plastic fibres (χ2 =25.49; p<0.01). 
‘F’ in relation to gut condition
It has been observed that, 1% (8/729) of the poorly fed, 5% (2/41) 
of moderately fed and 8% (3/40) of the heavily fed fishes had 
plastic in gut. There is significant difference in the occurrence of 
plastic particles in relation to different gut condition (χ2 =6.5; 
p<0.05), but Marascuillo procedure failed to distinguish the 
three groups due to low sample size.
‘F’ in relation to seasonal variation
The %F of micro plastic recorded a higher value of 2.61% for 
the pre-monsoon season in contrast to the 0.66% and 0.96% 
respectively for monsoon and post-monsoon seasons (Table 1). 
Seasonal variations in the occurrence of plastic fibre in the gut 
content were not significant (χ2 =5.99; p>0.05). 
‘F’ in relation to fish diet content 
Dietary variation plays a significant role in the occurrence 
of plastic fibres in the gut of moonfish. The fish diet items 
like eggs, remains of molluscs, crustaceans, fishes and 
polychaetes, had plastic fibres with them (Table 2). A 
negligible number of empty stomachs (0.15% of total empty 
guts) had plastics fibre in gut. The only presence of macro 
plastic in gut (2nos) was observed in empty stomach. The 
plastic occurrence (F) recorded a higher value of 0.44 for the 
fishes which feeds on ‘eggs’ in contrast to the other dietary 
items. The XY plot (Fig. 3) using occurrence of plastic (F) vs 
plastic abundance (PA) showed that the gut which had ‘eggs’ 
as major diet has higher abundance of plastic fibres. Results 
of K proportion test showed a significant variation in the 
occurrence of micro plastic (χ2 value =194.227; p<0.001) 
with major food items in gut. The results of the Marascuillo 
procedure showed that the occurrence of plastic fibre in 
guts where eggs dominated is significantly different from 
empty guts (Table 3).
Table 1. Season-wise changes observed in the occurrence of plastic in moonfish 
Season No. of fish 
examined
No. of 
plastic Fibre
Type of plastic fibre 
obtained
No. of fish with 
plastic in gut
Pre-Monsoon 345 25 Micro Plastic Fibre 9
Monsoon 152 2 Macroplastic 1
Post- Monsoon 313 6 Micro plastic Fibre 3
Table 2. Summary of total number of fishes examined, number of micro plastic fibre 
seen in gut and number of fish with plastic in gut.
Diet items
No. of fishes 
examined
No. of fish with 
plastic in gut No. of plastic fibre
Empty 689 2 3
Molluscan remains 22 1 5
Crustacean remains 49 1 3
Digested fish remains 24 1 2
Egg 16 7 19
Polychaetes 10 1 1
Table 3. The results of Marascuilo procedure conducted for the occurrence of microplastic with major diet items in gut.
Marascuilo procedure
Contrast Value Critical value Significant
|p(Empty stomach) - p(Molluscan remains)| 0.043 0.148 No
|p(Empty stomach) - p(Crustacean remains)| 0.018 0.068 No
|p(Empty stomach) - p(Fish remains)| 0.039 0.136 No
|p(Empty stomach) - p(Egg)| 0.435 0.413 Yes
|p(Empty stomach) - p(Polychaetes)| 0.097 0.316 No
|p(Molluscan remains) - p(Crustacean remains)| 0.025 0.162 No
|p(Molluscan remains) - p(Fish remains)| 0.004 0.201 No
|p(Molluscan remains) - p(Egg)| 0.392 0.438 No
|p(Molluscan remains) - p(Polychaetes)| 0.055 0.349 No
|p(Crustacean remains) - p(Fish remains)| 0.021 0.151 No
|p(Crustacean remains) - p(Egg)| 0.417 0.418 No
|p(Crustacean remains) - p(Polychaetes)| 0.080 0.323 No
|p(Fish remains) - p(Egg)| 0.396 0.434 No
|p(Fish remains) - p(Polychaetes)| 0.058 0.344 No
|p(Egg) - p(Polychaetes)| 0.338 0.520 No
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Discussion
Micro plastics are major pollutants and they were found in 
large quantities in the coastal and pelagic environment of seas 
around the world (Wieczorek et al., 2018; Rayn, 2015). This 
plastic debris is key threat to aquatic organisms, especially in 
marine environment due to the lethal effects caused by accidental 
ingestion or absorbing pollutants seen on the surface of plastic 
particles (Chua et al., 2014; Lavers et al., 2014; Tanaka et 
al., 2013). Many studies have been conducted to assess the 
occurrence of micro plastic ingestion by marine fishes and it 
usually ranges between 0.3 (south eastern Australia) to 73.39% 
(northern Atlantic) (Cannon et al., 2016; Wieczorek et al., 2018). 
In the present study, the occurrence percentage of plastics in 
moonfish is very low (1.61%). The occurrence percentage of 
plastic particles in near shore marine fishes like sardines (n=10) 
and mackerels (n=10) seen in same region, i.e., south eastern 
Arabian Sea, is in the range of 50-60% (Sulochanan et al., 
2014). Even though the study was conducted in same region, 
diverse fish species in same sea having different feeding modes, 
dissimilar diet composition and feeding grounds might exhibit 
differential intake of plastics (Vendel et al., 2017; Kripa et al., 
2016; Cannon et al., 2016) leading to wide variation in plastic 
occurrence in fishes.
The plastic abundance per fish in the present study is (0.041) 
low when compared to the average value observed in studies 
which is conducted in marine environment across the world. 
The abundance of plastic per fish ranged from 1.8±0.19 in 
northwest Atlantic (Wieczorek et al., 2018) to 3.75 ± 0.25 in 
Balearic Island (Nadal et al., 2016). From the previous reports 
(Eriksen et al., 2014; Tanaka and Takada, 2016; Nadal et al., 
2016; Cannon et al., 2016; Ferreira et al., 2016; Wieczorek 
et al., 2018) it is clear that the occurrence of plastic in fish 
guts correlates to the microplastic abundance in the habitat 
water. The average density of microplastic fibres observed in 
the coastal waters of eastern Arabian Sea is 3-4 nos per cubic 
metre (CMFRI, 2016). Since the plastic abundance in the surface 
waters of eastern Arabian Sea is comparatively low, it can be 
assumed that the study area is less polluted with plastic which 
lead to the lower plastic abundance in fish gut.
The ontogenetic stage of the fish might also influence the 
intake of plastic in certain fishes (Cannon et al., 2016; Hoss and 
Settle, 1990). Current study reveals no significant difference in 
the occurrence of plastic between juveniles and adults, which 
could be concluded as microplastic ingestions are independent 
of ontogenic stages (Possatto et al., 2011; Dantas et al., 2012). 
It was observed that only fibres were encountered in the gut 
of fishes and micro fibres dominated significantly. The higher 
prevalence of fibre in the gut could be due to the dominance of 
micro fibres in the coastal areas in the Indian Ocean (Abayomi 
et al., 2017).
In the present study, seasonal variation in the occurrence 
of plastic in fish gut was observed and higher ‘F’ was seen 
in pre-monsoon compared to monsoon and post-monsoon 
season, but the variation was not significant. Though there 
are reports on seasonal variation in plastic occurrence in 
fishes (Ferreira et al., 2016), the current study fails to bring 
out significant variation. 
In eastern Arabia Sea the effect of land discharge is considered 
the major reason for occurrence of micro plastic in coastal 
waters which ultimately lead to the ingestion of these by 
filter feeding fishes like sardines and mackerels (Sulochanan et 
al., 2013; Kripa et al., 2016). Moonfish shows both selective 
feeding (organism actively preying on desired food items) and 
opportunistic feeding in the absence of desired food items. So, 
it can be postulated that the occurrence of microplastic in gut 
might be linked with fish feeding habit (Choy and Drazen, 2013) 
and the diet of the fish (Romeo et al., 2013). It was observed 
that the plastic abundance was significantly more when diet 
of the fish was eggs. The studies on the feeding ecology of 
fishes showed that moonfish is carnivorous in nature where 
juvenile feeds mainly on the small zooplankton crustaceans 
while the adults shifted to cephalopods, larger zooplankton 
crustaceans and teleosts (Viswambharan, 2019). The eggs 
which were observed in the gut of moonfish were ingested 
as a part of opportunistic feeding shown by fish. The pelagic 
eggs have the comparable density of micro-plastic (Lima 
et al., 2014) and these micro plastics fibres which were floating 
or attached with eggs should have been consumed by fishes, 
leading to the higher prevalence of plastic fibres in fish gut 
along with the pelagic eggs. Cannon et al. (2016) obtained 
Fig. 3. XY plot showing the percentage of occurrence of plastic against 
plastic abundance in various diet contents of moonfish 
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microplastic from the gut of Antarctic toothfish, which had 
fish eggs and parasitic nematodes. 
In the present study, it was noticed that 0.29% of the empty guts 
and 9.1% of the gut with food had plastic. This clearly indicates 
that the retention of microplastic fibres in gut is very less. The 
studies on the retention of micro plastic in fishes like goldfish, 
White Sucker and Fathead Minnow indicates that micro plastics 
are not likely to accumulate within the gut contents of fish over 
successive meals (Grigorakis et al., 2017). It is seen that the 
microplastic dominated the guts whereas macroplastic were 
very feebly observed. This could be because, these microplastics 
could favour ingestion by organisms in conjunction with their 
small dimensions (Taylor et al., 2016). 
The incidence of plastic particles in fish gut is a global 
phenomenon which has to be viewed upon with its far reaching 
consequence. Though the occurrence and abundance of plastic 
particles in moonfish seen along the eastern Arabian Sea is 
not in an alarming state, studies are essential to comprehend 
the impacts of plastic debris on the life cycle of fish. Higher 
incidence of plastic fibres were observed when fish diet 
was pelagic eggs which accentuate the importance of diet 
preferences in plastic ingestions. The present study forms 
baseline information for plastic accumulations in fishes along 
the eastern Arabian Sea and more studies are required on varied 
fishes with different feeding habits and dietary preferences to 
clearly understand the relationship between the diet and plastic 
intake. Further studies are needed to understand the impacts 
of plastic debris on the general health of plastic ingested fish 
and to examine the possibility of pollutant transfer to higher 
trophic levels, and to investigate probable actions to protect 
marine organisms from micro and macro plastic pollutions.
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